Although there are a number of Ruta species in the world, R. graveolens L., R. chalepensis L., R. montana (L.) L., R. angustifolia Pers. and R. pinnata L. fil. are the most studied. However, the first two of them have been the most extensively investigated for their chemical constituents and biological activities. They are used for their anthelmintic, diuretic, emmenagogue, and aphrodisiac properties. In dermatology, they are used against psoriasis and vitiligo, and as mycosis fungicides. In many countries, the plant extracts have been used as birth control agents.
Although there are a number of known Ruta species, chemical and pharmacological studies have been carried out mainly with R. graveolens L. and R. chalepensis L., R. graveolens, the common rue, is a native plant of the Mediterranean region. It was introduced to Chinese medicine two centuries ago and was soon accepted in popular use. Many therapeutic properties were subsequently ascribed to it. In 1971 a group in Canada isolated from cell cultures of R. graveolens the coumarins umbelliferone (1), scopoletin (2) , psoralen (3), xanthatoxin (4), bergapten (5), hernianine (6) , and rutaretin (7), along with the furanoquinolone alkaloids skimmianine (8) , kokusaginine (9), 6-methoxydictamnine (10) and edulin (11) [1] . Rutamarin R = OAc (12) Rutamarin alcohol R = OH (13) Rutacultin (chalepin) (14) In 1967, Reisch and co-workers isolated rutamarin (12) and similar coumarins from R. graveolens [2, 3] ; they also obtained rutamarin alcohol (13) and rutacultin (14) [4] . The last compound was also reported for R. chalepensis and named as chalepin [5] .
In 1965, a Hungarian group characterized an acridone alkaloid, arborinine (15) [6] ; later, in 1971, the same group, along with Reisch, isolated 1-hydroxy-Nmethylacridone (16) [3] . Later they reported further acridone alkaloids with an angular dihydrofuran ring; these were the gravacridone derivatives: gravacridonediol (17) , gravacridonediol monomethyl ether (18) , gravacridonechlorine (19) , and gravacridonolchlorine (20) [7, 8] . Gravacridonediol glucoside (22) A quinolone alkaloid with an n-butyl side chain at the 2-position, rutaverin (21) , was also obtained by the same group [9] . More gravacridone alkaloids and their glycosides, such as gravacridonediol (17) and its glucoside (22) , and gravacridonetriol (23) and its glucoside (24) were isolated from R. graveolens [10] . Other acridone alkaloids obtained by Reisch et al. are shown in structure 25-28 [11] . Dictamnine (28) In addition to the known alkaloids γ-fagarine (27) , skimmianine (8) , kokusaginine (9), dictamnine (28) and graveoline (2-aryl-N-methyl-4-quinolone) (29) , a new alkaloid, 1-methyl-2-n-nonyl-4-quinolone (30) was also isolated from the more polar fractions of the same plant [12] . Graveoline (29) 1-Methyl-2-n-nonyl-4-quinoline (30) While R. graveolens is cultivated throughout European countries and temperate Asian regions, its close congener R. chalepensis is still growing naturally in Turkey. In a study of this plant, a group of quinoline alkaloids, γ-fagarine (27) , kokusaginine (9), skimmianine (8), dictamnine (28) , arborinine (15) and graveoline (29) , and the coumarins chalepin (previously named rutacultin ) (14) , chalepensin (31), bergapten (5) (the major coumarin) and marmasin (32) were obtained for the first time in R. chalepensis, together with the new alkaloid 3'-hydroxygraveolin (33) [13] .
In another study of R. chalepensis, in addition to known alkaloids and coumarins, a new alkaloid chaloridone (34) and a new coumarin rutalpinin (35) were obtained [14] .
A variety of the same species, namely R. chalepensis var. latifolia Salisb., has yielded a new alkaloid 5-methoxydictamnine (36), together with kokusaginine (9), dictamnine (28), 1-hydroxy-Nmethylacridone (16) , graveoline (29) and graviolenine (37) [15] . From the same plant, two shikimic acid derivatives, the known compound moskachan D (38) and a new compound, dehydromoskachan C (39), were isolated [16] . Another moskachan derivative, chalepimoskachan (40), was obtained from the roots of R. chalepensis, together with the coumarins xanthatoxin (4), bergapten (5) and rutolide (41), and the alkaloids graveolinine (37) and 1-hydroxy-N-methylacridone (16) [17] . In another study with R. chalepensis, antifertility activity was established for its coumarins [18] . The tests were carried out with 8 week old inbred female rats, weight 200-250 g. Although no ovulation was observed in test animals, 30% of them had normal follicles; the rest developed cystic degeneration and atretic follicles, a few corpera lutea, and corpera haemorhagii were also observed. In vivo antifertility tests were carried out with single coumarins and alkaloids obtained from R. chalepensis. The alkaloids and coumarins were injected intraperitonally in doses of 3.5-4.0 mg/kg.
On day PD-16, animals were autopsied and the numbers of pregnant animals were recorded; the ovaries, kidneys, and brains were studied under a light microscope. The alkaloids and one coumarin, bergapten (5), had no activity, while four coumarins, chalepensin (31), xanthatoxin (4), chalepin (14) and bergaptol (47) were found to be active. The brain tissues were unaffected, probably because the compounds could not pass the blood-brain barrier.
R. montana (L.) L. has also been studied by some groups and coumarins and alkaloids were isolated. We have reported two new alkaloids, montanine (42) [19] and 4-methoxyquinaldine (43) [20] , together with the known coumarins xanthatoxin There have been a number of pharmacological studies with Ruta species, especially with R. graveolens. In a study carried out in Hong Kong with green beans, rue and kelp a hypotensive effect was indicated, either alone or in combination. Rue (R. graveolens) showed positive chronotropic and inotropic effects on isolated right atria of male SD rats; the other two plants did not show any additive effect. Rue and kelp alone relaxed KCl preconstricted rat tail artery strips, probably by a direct effect on vascular smooth muscle [22] . R. chalepensis together with Ternstroemia pringlei (Rose) Standl. extracts extended the sleeping time induced by sodium pentobarbital in Guinea-pigs; the mixture also showed protection against phenylenetetrazol-induced convulsions by increasing the latency period and diminishing death rate [23] . Some Jordanian plants were tested for anti-nociceptive and anti-inflammatory effects. Among these plants R. graveolens was found to be effective in both test systems [24] .
Fourteen Moroccan medicinal plants were tested against schistosomiasis transmitted by the snail Bulinus truncatus. The most active plants were R. chalepensis and Chenopodium ambrosioides L. The first plant was also found to be anthelmintic, and to have emmenagogue, diuretic and aphrodisiac properties [25] . In addition to fourteen known compounds, four new alkaloids were obtained from R. graveolens from Bulgaria. The known compounds were the coumarins xanthatoxin (4), bergapten (5), rutaretin (7), chalepin (14) , and the alkaloids kokusaginin (9), skimmianine (8) , and graveolin (29) . The new compounds were 2-alkyl-4(1H)-quinolone alkaloids (58-61) [27] . R. chalepensis is used as an emmenagogue, abortificient, antihelmintic and spasmolitic agent in Argentina [28] . The water soluble fraction of R. graveolens has yielded three new and a group of known glycosides [29] . The known glycosides were 3', 6-disinapoylsucrose (62), cnidioside (63), rutin (64), and picraquassioside A (65), and the new glycosides were 3'-sinapoyl-6-feruloyl-sucrose (66), methylcnidioside A (67) and methylpicraquassisioside (68).
Linear furanocoumarins, such as psoralen (3) and its derivatives, are used in dermatology and have given promising results against some other diseases. Therefore, R. graveolens from 16 different origins were cultivated in order to obtain the best furanocoumarin production. No statistical difference was found between these 16 different origins. The fruits had furanocoumarin concentrations five to ten times higher than the roots, stems and leaves; only isopimpinellin was highly concentrated in the roots. Furanocoumarins are used in the treatment of severe vitilago and psoriasis, and are mycosis fungicides. In dermatology mostly xanthatoxin (4) and bergapten (5) are preferred; the latter compound is tolerated better by patients. These compounds also demonstrated effects in neurological diseases. Bergapten (5) was shown to be a selective blocker of axolemmal potassium channels, which is the characteristic required for the symptomatic treatment of demyelinating diseases, such as multiple sclerosis [30] . Aqueous extracts (5, 10, 20 %) of R. graveolens were given orally for four days to superovulated and mated mice after copulation. Ingestion of rue at 10 and 20% resulted in a high proportion of abnormal embryos, indicating that the plant extract can interfere with implantation development and embryo transport [31] . R. graveolens is used in many countries, including Brazil, as an abortifacient [32] .
R. graveolens also showed an anti-inflammatory effect on murine macrophage cells (J-744) challenged with lipopolysaccaride. The inhibition observed for the extract was significantly higher than that observed for rutin [33, 34] .
In recent studies with R. graveolens, rutacridone epoxide (69) was isolated having selective algicidal activity [35] . Dihydrofuroacridone alkaloids have been isolated predominantly from R. graveolens.
Rutacridone (70), rutacridone epoxide (69) and isogravacridonechlorine (26) exhibited strong mutagenic activity. Also, a new dihydroacridone, named gravacridonediol acetate (71), was isolated along with the known acridones, gravacridonetriol (23) , gravacridonediol (17) , rutacridone (70), rutacridone epoxide (69), and 1-hydroxy-Nmethylacridone (16) [36] .
